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We study the rotating tubular D2-brane as a time dependent supersymmetric solution of type-IIA string
theory. We show that the Poynting angular momentum of the supertube can be replaced by the mechanical
angular momentum without disturbing the 8 supersymmetries. Unlike the non-rotating supertube, whose
cross section can take an arbitrary shape, the rotating supertube admits only the circular cross section.
When there is no electric eld on the world-volume, the supersymmetry dictates the angular velocity of
the tubular D2-brane to be inversely proportional to the magnetic eld. This rotating supertube can be
considered as the ‘blown-up’ conguration of an array of spinning D0-particles and is T-dual to the spiraling
D-helix whose pitch moves at the speed of light.
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Introduction
The experimental evidence for the positive cosmological constant riess calls for our attention to the
time dependent solutions in superstring theory strominger,sen,costa,wang. These solutions involve the brane
congurations which are unstable by construction, therefore not supersymmetric and usually have tachyonic
modes on the world-volumes of the branes. (See Ref. sen2 for example.)
On the other hand recently, a time dependent but supersymmetric solution was found in Ref. townsend.
The solution describes a tubular D2-brane named as ‘supertube’ carrying some angular momentum. Although
the supersymmetry algebra fQ, Qg  H seems to imply the inconsistency between the time dependency and
the supersymmetry in general, the supertube is a completely consistent solution. This is because the angular
momentum is the Poynting vector provided by the Born-Infeld (BI) gauge elds on its world-volume and only
the gauge connection component Ax is time dependent townsend2. By taking T-duality on this supertube,
one can obtain another interesting time dependent supersymmetric solution, D-helix choh, that is a coiled D-
string in a real motion along the axial direction at the speed of light. (See Ref. lunin for another derivation of
the solution.) This solution is also consistent with the supersymmetry because its (time dependent) position
in the embedding flat spacetime geometry does not specify the state of D-helix.
Since we are lacking of an eective tool for the theory involving tachyons, the time dependent supersym-
metric solutions could provide good toy models to build up our intuition for the time dependent systems,
and could possibly be staring points in the arena of the aforementioned stringy cosmology. In fact, for
the problems of the spacelike (or null) singularity, the time dependent supersymmetric solutions have been
explored to see whether they provide the stable backgrounds amenable for exact perturbative string analysis
seiberg,cornalba,seiberg2,horowitz,gueroa,bachas,fabinger. Along this line, several time dependent systems
of supersymmetric intersecting D-strings were analyzed in type-IIB theory bachas,myers,cho,bachas2.
On the IIA side, an interesting time dependent solution of a rotating ellipsoidal D2-brane was constructed
in Ref. savvidy1. Although the solution is classically stable savvidy2, it is not supersymmetric. In this paper,
we consider a rotating tubular D2-brane as a possible time dependent supersymmetric conguration that is
in a real motion. We recall that BPS Q-balls or some topological solitons are stabilized due to the angular
momentum leese,ward. In the non-rotating supertube case, the angular momentum is given by the BI gauge
elds.
We show that the Poynting angular momentum of the supertube can be replaced by the mechanical
angular momentum without disturbing the 8 supersymmetries. Unlike the non-rotating supertube, whose
cross section can take an arbitrary shape bak,mateos, the rotating supertube admits only the circular cross
section. When there is no electric eld on the world-volume, the supersymmetry dictates the angular velocity
of the tubular D2-brane to be inversely proportional to the magnetic eld. This rotating supertube can be
considered as the ‘blown-up’ conguration of an array of spinning D0-particles and is T-dual to the spiraling
D-helix whose pitch moves at the speed of light.
1
The paper is organized as follows. In Sec. ii, we construct BI action for a rotating tubular D2-brane and
obtain its equations of motion. In Sec. iii, we analyze the supersymmetry for the rotating tube and show
that 8 supersymmetries are preserved regardless of the rotation. Especially we use a specic representation
for the spinors and nd out the supersymmetric conditions explicitly. In the subsequent subsections, we
apply these supersymmetric conditions to the equations of motion and nd the solutions. For the non-
rotating case, we recover the results discovered in Ref. townsend,mateos,cho1 and obtain the equation
governing the supersymmetric prole of the radius varying conguration (Sec. iiia). For the rotating case,
the supersymmetric condition allows only circular cross section of the conguration (Sec. iiib). Without
any electric eld assumed over the world-volume of the tubular D2-brane, the rotation of the magnetic flux
induces the electric eld over the congurations and stabilizes them. As for the BIon spike solution, the
mechanical rotation of the planar D2-brane carrying magnetic flux triggers the electric charge. In Sec. iv,
we show that the tensionless conditions agree with the supersymmetric conditions. In the rotating case,
the tension around the angular direction vanishes only when the cross section takes the circular shape. In
Sec. v, we discuss about the BPS bound of the Hamiltonian and argue that the charge concerned with
the rotation is due to the fundamental strings induced under the moving magnetic flux. In Sec. vi, we
discuss about the angular momentum bound which forbids the supertube to rotate with the superluminal
linear speed. The bound tells us that the charge density of the induced fundamental strings cannot exceed
that of the D0-branes dissolved on the tube. Sec. vii is devoted to a T-dual conguration of the rotating
supertube. Taking T-duality along the axial direction of the rotating supertube, we obtain the spiraling
D-helix, whose pitch moves at the speed of light. Sec. viii concludes the paper with some discussions on
the M-brane conguration of the rotating supertube. We also conrm the circular shape of the rotating
supertube by showing (in the Appendix) that two tilted D-strings passing by each other cannot preserve any
supersymmetry even when the intersection point moves at the speed of light. Lastly we give some remarks
on the zero radius of the rotating supertube.
A Tubular D2-brane in the Rotational Motionii
Let us consider a tubular D2-brane embedded in a trivial type-IIA background, that is, with no dilaton
eld, NS-NS B eld, and with flat geometry; eqnarraymetric ds2 = −dT 2 +dX2 +R2d2 +dR2 +ds2(E (6)).
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